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B.P. no  1, 91406 Orsay, France 
RQsume - On d e c r i t  l ' o r g a n i s a t i o n  de  l ' e s p a c e  de phase pour un neutron 
dans un p o t e n t i e l  d6form4 (A=16). La rbgion oh l ' o n  t rouve  l e s  t r a j e c -  
t o i r e s  chao t iques  e s t  p r6c i sQe .  On c o n s t r u i t  numdriquement l a  su r face  
ene rg ie -ac t ion  pour l a  t opo log ie  l a  p l u s  s imple .  On c a l c u l e  e n f i n  des 
dne rg ie s  semi-c lass iques .  
Abs t r ac t  - The phase space  of t h e  t r a j e c t o r i e s  of one neutron i n  a  de- 
formed s i n g l e  p a r t i c l e  p o t e n t i a l  i s  sketched f o r  A = 16. The r eg ion  of 
occurrence  of t h e  c h a o t i c  t r a j e c t o r i e s  i s  found. The energy ac t ion -  
s u r f a c e  i s  p l o t t e d  f o r  t h e  s imples t  topology. Semi-c lass ica l  ene rg ie s  
a r e  de r ived .  
I - INTRODUCTION 
The s e m i c l a s s i c a l  method of q u a n t i z a t i o n  W.K.B. o r  E.B.K. i s  w e l l  adapted t o  t h e  
systems which a r e  i n t e g r a b l e  i n  c l a s s i c a l  mechanics,  i . e .  which possess  a s  many in- 
t e g r a l s  of motion i n  i n v o l u t i o n  a s  independent degrees  of freedom. For those  sys- 
tems t h e  t r a j e c t o r i e s  a r e  e s s e n t i a l l y  d iv ided  i n t o  two c l a s s e s  : t h e  p e r i o d i c  o r b i t s  
and t h e  quas i -pe r iod ic  ones.  It i s  w e l l  known t h a t  i f  t h e  manifold de f ined  by t h e  
i n t e r s e c t i o n  of t h e  cons tan t s  of motion i s  compact and connex t h a t  t h e  t r a j e c t o r i e s  
l i e  on t o r i  / I /  i n  phase space .  The c l a s s i c a l  ac t ion-angle  v a r i a b l e s  a r e  adapted t o  
t h i s  s i t u a t i o n  : t h e  a c t i o n s  can then be  i n t e r p r e t e d  a s  t h e  r a d i i  of t h e  t o r i .  I n  
an  ano the r  c o m u n i c a t i o n  t o  t h i s  workshop /2 /  we have shown t h a t  t h e  quantum mechani- 
c a l  spectrum of t h e  s i n g l e  p a r t i c l e  e n e r g i e s  of one neu t ron  i n  a  s p h e r i c a l  p o t e n t i a l  
can be  understood by s tudy ing  t h e  geometr ica l  p r o p e r t i e s  of t h e  energy--action sur-- 
f a c e .  
I n  t h i s  communication we want t o  d i s c u s s  t h e  problems which a r i s e  when a  deformat isn  
of t h e  p o t e n t i a l  is  in t roduced .We have a l r eady  b r i e f l y  sketched /3 /  t h e  c l a s s i c a l  
s i t u a t i o n  on which the rehas  a l s o  been a  t h e s i s  by one of us  141. Our aim w i l l  be  
f i r s t  t o  review a  few r e s u l t s  of r e f .  4 ,  and, secondly ,  t o  g ive  an  example, t h e  
s imples t  p o s s i b l e  one, i n  which t h e  energy a c t i o n  s u r f a c e  has  been cons t ruc ted  and 
t h e  s e m i c l a s s i c a l  energsees ob ta ined .  
When t h e  Buck-Pilt p o t e n t i a l  a l s o  used i n  r e f .  2  i s  g iven an e l l i p s o i d a l  deformation 
by making t h e  t r ans fo rma t ion  
K, n i 1 
( i n  t h e  fo l lowing we w i l l  u s e  JJ = RI/R2; h = 3 0 a  t h e  t o t a l  angu la r  mo- 
mentum i s  no t  conserved and t h e r e  1 s  no new cons tan t  of motion i n  p l ace  of L. Howe- 
v e r  L, i s  conserved. I f  we cons ide r  t h e  p l ane  t r a j e c t o r i e s  (wi th  LZ = 0 )  of cons tan t  
ene rg ie s  we need t o  exp lo re  numerical ly  t h e  phase space  (3 dimensional)  i n  o r d e r  t o  
examine t h e  dimension of t h e  manifold on which l i e  t h e  t r a j e c t o r i e s .  
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The numerical and the  t h e o r e t i c a l  works performed during t h e  l a s t  twenty years  on 
the theory of dynamical systems have led t o  a  q u a l i t a t i v e  descr ip t ion  of the  phase 
space of quasi  in tegrab le  systems. The work by Henon and Heiles  /5/ i s  o f ten  quoted 
as  one of the f i r s t  numerical experiment on a  simple but non in tegrab le  system 
for  which t h i s  descr ip t ion  was discovered. Let us b r i e f l y  mention t h e  known 
r e s u l t s .  
Let E be any parameter which charac te r izes  the  non l i n e a r i t y  l i k e  the  e x c i t a t i o n  
energy, o r  the  deformation o r  the  s i z e  of t h e  po ten t ia l .  There e x i s t s  a  c r i t i c a l  
value E which allows t o  separate  the topological  flow i n t o  two p a r t s  . 
a)  f o r  E < EC t h e  system looks mostly l i k e  an integrable  one : the re  e x i s t s  
per iodic  o r b i t s  and quasi-periodic o r b i t s .  The chaot ic  o r b i t s e x i s t  only a t  a  
microscopic l eve l .  Because of the  quas i - - in tegrab i l i ty  and the  dominance of the  
t o r i  i n  phase space t h e  EBK semiclassical  method of quant izat ion i s  possible  there  
161. However there  i s  a  considerable complication of t h e  phase space. Indeed every 
periodic  o r b i t  b i fu rca tes  and gives r i s e ,  f o r  any in f in i tes imal  change of E ,  t o  
new periodic  o r b i t s  and to new t o r i .  As we w i l l  see below there e x i s t s  techniques 
which allow t o  loca te  the  value of E f o r  which a  given b i furca t ion  occurs. The 
main problem, s t i l l  unsolved t o  our knowledge, l i e s  i n  t h e  maximum s i z e  of t h e  
t o r i  which surround a given periodic  o r b i t  and of t h e  loca t ion  of t h e  separa t ix  
between the  d i f f e r e n t  fami l ies .  
b) f o r  E > E~ t h e  volume of the  t o r i  decreasesrapidly with E to  the benef i t  
of the  chaot ic  o r b i t s  which tend t o  occupy the  whole of phase space. In t h i s  
region of parameters t h e  phase space i s  even more complex than i n  t h e  preceding 
one. So complex t h a t  i t  becomes h a r d l y  possible  t o  f ind  t o r i  which f u l z i l l  the  
semiclassical  condit ions.  
The c r i t i c a l  value E, i s  o f ten  quoted a s  t h e  threshold of macroscopic s tochas t ic i -  
ty .  For E < €c i t  i s  r a t h e r  d i f f i c u l t  t o  f ind  out chaot ic  o r b i t s  numerically. 
-
The evolut ion j u s t  described has a  so c a l l e d  "generic" character ,  i . e .  it is  
q u a l i t a t i v e l y  cor rec t  f o r  most of the  quas i . in tegrab le  systems whatever i s  the  
po ten t ia l  o r  t h e  parameter E .  
In  t h e  following we want t o  sketch f i r s t  how t h i s  behaviour i s  seen f o r  t h e  
phase space of L, = 0 t r a j e c t o r i e s  i n  A = 16, i . e .  A = 4.898 and 1 < JJ < 2 .  For 
the sake of space l imi ta t ion  we w i l l  not d i scuss  o ther  values of A nor the  o ther  
values of L (which would correspond to non planar t r a j e c t o r i e s )  see r e f .  4. 
I1 - THE PHASE SPACE OF DEFORMED j60 
a )  The f i r s t  question i s  whether t h e  deformed po ten t ia l  i s  in tegrab le  o r  not .  I f  
the  non i n t e g r a b i l i t y  p reva i l s  it i s  necessary t o  loca te  the  threshold i n  terms of 
the e x c i t a t i o n  energy n= 1 - or  of the  deformation JJ. 
vo 
Fig. 1 presents  an example of a  chaot ic  t r a j e c t o r y .  In  t h e  bottom 01 the  f igure  t h e  
t r a j e c t o r y  i s  p lo t ted  i n  the  configurat ion space (p means x or  y , .  The upper par t  
represents  the Poincare sec t ion  of the same t r a j e c t o r y ,  i . e .  the s e t  of the succes- 
s ive  values of i t s  in te rac t ions  ( p) and project ions of momentum (pp j on the  y  
ax i s  (with the  r e s t r i c t i o n  t h a t  p, > 0;. The s e t  of points  so obtained c l e a r l y  do 
not form an invariant  curve, the t r a j e c t o r y  belongs t o  a  manifold of higher dimension 
The exis tence of chaot ic  t r a j e c t o r i e s  is  usual ly taken as  a  numerical ind ica t ion  
t h a t  t h e  po ten t ia l  i s  not in tegrab le .  The la rge  values of the  parameters : I.I = 1.5 
and rj = 0.99 ( i . e .  near t h e  d i ssoc ia t ion  energy) ind ica te  tha t  i t  has been 
necessary t o  look f o r  ra ther  extreme condit ions i n  order  t o  observe a  chaocic 
t ra jec tory .  In o ther  words the values j~ and n a r e  ra ther  large.  In the  case of 
A 7 16 our numerical experiments concluse t h a t  tge  chaot ic  t r a j e c t o r i e s  do not 
appear i n  the domain 
The prec i se  loca t ion  of t h e  threshold n e c e s s i t a t e s  an extremely de ta i led  study of 
the  Poincare plane such a s  Fig. 4  of Ref. 3 which shows t h a t  q~ N 0.95 f o r  j.~ = 1 . 5  
while Fig. 4  of the  present  paper shows t h a t  qr: > 0.95 f o r  p = 1.4. In  o ther  
- 
words the  chaot ic  region corresponding t o  the  Lz = 0 t r a j e c t o r i e s  of A = 16 i s  l i m i - -  
t ed  t o  a  r a t h e r  t h i n  sk in  of values of rl of width Aq ~ 0 . 0 5  f o r  p > 1.3. 
Fig. 1 - A chaot ic  
t r a j e c t o r y  of the  defor- 
med wel l  f o r  A = 16. The 
upper. par t  is the  Poin- 
car4 sec t ion  of t h e  t r a -  
jectory represented i n  
t h e  lower p a r t  i n  confi- 
gurat ion space. 
b)  The second question i s  t o  analyze i n  d e t a i l  t h e  s t r u c t u r e  of t h e  phase space be- 
low the  threshold of c h a o t i c i t y .  As we mentioned before there  a r e  i n f i n i t e l y  many 
b i furca t ions  of t h e  periodic  t r a j e c t o r i e s .  It i s  out' of question simply t o  enumerate 
the  periodic  t r a j e c t o r i e s  which occur i n  a  given Poincare sect ion.  However i n  our 
p o t e n t i a l  two t r a j e c t o r i e s  play a  p a r t i c u l a r  r o l e  : t h e  l i n e a r  t r a j e c t o r i e s  along 
the  P and z  a x i s  of symmetry of the  p o t e n t i a l .  These t r a j e c t o r i e s  a r e  simple and 
e a s i l y  found numerically and generate  t h e  most important b i furca t ions  which one 
may c a l l  t h e  b i furca t ions  of f i r s t  generation. 
JOURNAL DE PHYSIQUE 
I 
Fig.  2 - The upper par t  i s  the 
PoincarG sec t ion  {p  ,pp} of 
the  deformed well f o r  p = 1 . 2 ;  
i 4 TI = 0.99. The four  lower f igu-  
-
I r e s  represent  L i s s a j o u s l i k e  
I t r a j e c t o r i e s  found a t  the  place i indicated above. 
A numerical procedure has been developed i n  Ref. 4 which allows t o  study t h e  proper- 
t i e s  of the mapping i n  the  v i c i n i t y  of t h e  l i n e a r  periodic  t r a j e c t o r i e s .  The t r a -  
j e c t o r i e s  which a r i s e  through the  b i furca t ions  of the  l i n e a r  t r a j e c t o r i e s  a r e  Lis- 
sa jous- l ike  f igures .  Some a r e  represented on Fig. 2. These curves a r e  surrounded 
by t o r i  which form i n  the  PoincarG plane i s lands  of dif'erent s i z e s .  Some of the  
is lands ( the  majority !) a r e  so t i n y  t h a t  they cannot be detected numerically, how- 
ever a  few is lands can always be detected l i k e  i n  Fig. 2 .  The center  of the i s lands  
i s  t h e  place of the  periodic  t r a j e c t o r y .  The value of the  parameter where the Lis-  
s a j o u ~  f i g u r e  i s  degenerate with t h e  l i n e a r  t r a j e c t o r y  marks the b i r t h  of t h i s  f i -  
gure. It i s  fouad by the  following method : 
Let M p .  be the non l i n e a r  mapping i n  the  {p,pp} PoincarG plane which makes the 
iteration between t h e  kth and t h e  (k+l)  t h  In te rsec t ions  : M (0 )k= (gpIk+, .  
PP 
Let us consider t h i s  mapping near the  o r i g i n  which i s  a  f ixed point of the  mapping. 
If p  and pp a r e  very small M coincides with i t s  l i n e a r  p a r t .  It i s  known t h a t  P. i T  / ~ r  M p l  < 2 the f ixed p o ~ n t  i s  e l l i p t i c a l  while i f  ( ~ r  M ~ /  > 2 the  f ixed  
point i s  hyperbolic. A bi furca t ion  occurs whenever  IT^ M ~ (  , or  any of i t s  power 
/ Tr Mp n \ ,  equal 2 .  ( I t  can be  proved / 4 /  t h a t  i n  our po ten t ia l  T r  M Z -2, the- 
re fore  the  s ingular  value i s  + 2 ) .  I f  Tr M i s  wr i t t en  a s  2 cos a . f o r  y ~ r  M p l  < 2, P the  value of a i s  a  continuous funct ion of t h e  parameters p and f) . It i s  then 
easy t o  f i n d  the  points  where a = 2 ~ r  ! f o r  which T r  M; = 2. At each of these 
n  
values a  Lissajous'curve i s  created for  n >  1 .  
Fig .  3 -Each  curve  r e p r e s e n t s  t h e  va- 
l u e s  of q  and JJ where equa t ion  (2) i s  
s a t i s f i e d  f o r  va lues  of "indicated a t  
n  
t h e  bottom. M i s  t h e  mapping i n  t h e  
v i c i n i t y  of t g e  l i n e a r  t r a j e c t o r y  along 
t h e  long ( z )  a x i s .  
Or, F ig .  3 t h e  p o i n t s  where 
Tr  M (p ,q)  = 2 cos 271 
P 
(2) 
1  1  
a r e  p l o t t e d  wi th  JJ and q a s  coord ina te s  a x i s  f o r  = 5, +, -i; and - a s  we l l  a s  t h e  5 
curves  wi th  m = n.  The l a t t e r  curves  d e f i n e  r eg ions  i n  which Tr > 2 where no 
b i f u r c a t i o n s  a r e  poss ib l e .  The Poincare  s e c t i o n  shown i n  Big. 2 31 s r a  e s  r 5 5 this 
s i t u a t i o n .  Pe r iod ic  t r a j e c t o r i e s  corresponding r e s p e c t i v e l y  t o  2 = -,-, 
n 2 3  T 9 T a r e  
met when going away from t h e  c e n t e r  of t h e  mapping f o r  JJ = 1.2. The l o c a t i o n  of t h e  
corresponding b i f u r c a t i o n s  a r e  made by o r d e r  of dec reas ing  energy on F ig .  3.  
The c h a o t i c  r eg ions  a r e  no t  r ep resen ted  on Fig .  3 which has  been ob ta ined  on ly  by 
a  l o c a l  s tudy  of t h e  mapping near  p = 0. 
In  t h e  r eg ion  where t h e  c e n t e r  of t h e  mapping b i f u r c a t e s  t h e  c e n t e r  i s  an  e l l i p t i c  
po in t  l i k e  f o r  t h e  harmonic o s c i l l a t o r .  It t u r n s  o u t  t h a t  i n  t h i s  r eg ion  t h e r e  is  
a  very  broad range of va lues  of parameters  f o r  which t h e  t o r i  around the  L i s sa jous  
curves  a r e  very  smal l .  It i s  p o s s i b l e  t o  say t h a t  i n  t h i s  r eg ion  t h e  topology i s  
t h a t  of t h e  harmonic o s c i l l a t o r .  An example i s  given wi th  F ig .  4 where no o t h e r  
t o r u s  i s  seen f o r  q < 0.85 bu t  t hose  de f ined  by t h e  i n v a r i a n t  cu rves  which look 
l i k e  ova l s  surrounding t h e  c e n t e r .  
I n  F i g .  4 t h e  t o r i  i s sued  from b i f u r c a t i o n s  of f i r s t  gene ra t ion  a r e  seen on ly  f o r  
q = 0.90. I f  q < 0.85 t h e  p i c t u r e  of t h e  Poincare  map resembles much t h e  l e f t  
upper s i d e  of F ig .  4 .  
F ig .  3  shows t h a t  t h i s  p i c t u r e  is  v a l i d  l o c a l l y ,  indeed two p a r t s  of phase space  
wi th  a  complete ly  d i f f e r e n t  topology a r e  shown a s  t h e  dashed a r e a  i s sued  from 
JJ = 2 and t h e  o t h e r  one around JJ = 1. 
A pre l imina ry  conclus ion i s  t h a t  f o r  1.3 < JJ < 2 t h e r e  i s  a  r eg ion  where t h e  topo- 
logy of t h e  harmonic o s c i l l a t o r  i s  dominant and t h e r e f o r e  t h e  motion can b e  quan 
t i z e d  wi th  t h e  r u l e s  used f o r  t h e  harmonic o s c i l l a t o r .  
T,. r l g .  5 shows an example where two topo log ies  a r i s e .  There JJ = 1.06, q  = 0.7. The 
harmonic o s c i l l a t o r - l i k e  t r a j e c t o r i e s  a r e  seen a s  curves  wi th  hype rbo l i c - l ike  
c a u s t i c s  wh i l e  t h e  o t h e r  curves  have e l l i p t i c - - l i k e  c a u s t i c s .  We have no t  y e t  per-  
formed t h e  q u a ~ t i z a t i o n  of t h e  cases  where two o r  s e v e r a l  t opo log ies  a r e  p resen t  
a t  t h e  same time. 
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,. . ... . . -- 
.. - -- - - - . ., . .:: 
- F+g. 4 - PoincarC sec- q= 0.8s '7 = 0.30 t lond f o r  j~ = 1.4 a t  
/ 
several  energies. 
- - -  
- 
Fig. 5 - Two t r a j e c t o r i e s  
with d i f f e r e n t  topologies 
i n  configurat ion space (up- 
per p a r t )  and t h e i r  Poinca- 
r6 sec t ion  (lower p a r t ) .  
Here j~ = 1.06 and q = 0.7 
f o r  both t r a j e c t o r i e s .  
I11 -- QUANTIZATION I N  THE CASE OF THE SIMPLEST TOPOLOGY 
I f  the  majori ty  of t h e  o r b i t s  of t h e  deformed po ten t ia l  a r e  s imi la r  t o  those of 
Fig. 4 f o r  q = 0.80, they can be quantized with the same ru les  a s  the  harmonic 
o s c i l l a t o r .  Let pp and pz be the  pro jec t io rsof  the  momentum of t h e  p a r t i c l e  on t h e  
p and z  ax i s  while it i n t e r s e c t s  the  p and z  a x i s  respect ively and l e t  Cp and 
Cz be t h e  s e t  of values of p and z  taken during these in te rsec t ions ,  the ac t lons  
a r e  defined a s  
I 
Using K.A.M. theorem, "most of t h e  t r a j e c t o r i e s  l i e  on t o r i " ,  and s i n c e  t h e  topolo-  
gy ( a t  l e a s t  t h e  "macroscopic ones" I )  i s  t h a t  of t h e  harmonic o s c i l l a t o r  we a r e  
a b l e  t o  d e f i n e  a  s u r f a c e  energy a c t i o n  : 
f o r  a l l  t h e  t r a j e c t o r i e s  w i t h  t h i s  topology.  The s e m i c l a s s i c a l  e n e r g i e s  a r e  t h o s e  
v a l u e s  o f  E f o r  which eq . (3 )  and (4)  a r e  s a t i s f i e d .  F ig .  6 shows t r a j e c t o r i e s  be-- 
longing t o  f i v e  s e t  of e n e r g i e s  : Q = 0.4;  0.6; 0.7;  0 . 8 .  The s e t  of p o i n t s  
w i t h  equal  e n e r g i e s  a r e  a lmost  a l i gned  on p a r a l l e l  s t r a i g h t  l i n e s .  
However t h e  s u r f a c e  does n o t  e x i s t  f o r  eve ry  va lue  of I and I Z !  Indeed t h e r e  
a r e  two impor tant  d i f f e r e n c e s  w i th  t h e  i n t e g r a b l e  c a s e  :' 
a  - It i s  n o t  cont inuous  b u t  it c o n t a i n s  i n f i n i t e  s e t  of t i n y  h o l e s  ( t h e  des t royed  
t o r i )  : t h e  s u r f a c e  i s  porous;  
b - For l a r g e  Q ( a s  seen on Fig .  4  f o r  q = 0.95 and 9.99 t h e  s u r f a c e  i s  des t royed.  
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F i g .  6  - S e c t i o n  of t h e  energy 
a c t i o n  s u r f a c e  i n  t h e  non i n t e -  
g r a b l e  c a s e  w i t h  JJ = 1.4.  The 
p o i n t s  i n d i c a t e  t h e  t o r i  f o r  
which t h e  a c t i o n s  have been 
c a l c u l a t e d .  The t o r i  cannot be 
e a s i l y  o r  simply cannot be  found 
f o r  Q > 0 .8 .  The c r o s s e s  l o c a t e  
t h e  p o s i t i o n  of t o r i  which f u l f i l l  
t h e  s e m i c l a s s i c a l  c o n d i t i o n s  Eq .  
3 and 4. 
F ig .  7  - Same a s  Fig .6  
f o r  t h e  i n t e g r a b l e  
c a s e  JJ = I .  
OPO 100 2,o 300 400 500 
ANGULAR ACTION 
C6-378 JOURNAL DE PHYSIQUE 
Fig .  6  i l l u s t r a t e s  i n  a  very  remarkable way t h e  power of t h e  K.A.M. theorem. It 
can b e  compared t o  F i g .  7  which r e p r e s e n t s  t h e  energy a c t i o n  s u r f a c e  E(Ir,!L) of 
160 f o r  p = 1 .  Both F ig .  6  and 7  s h a r e  t h e  same p rope r ty  and giv.e t h e  same messa- 
ge : except  n e a r  r1-0.90 t h e  energy a c t i o n  s u r f a c e  i s  p l a n a r  and t h e  spectrum i s  
harmonic. Th i s  p r o p e r t y  i s  conserved even i n  t h e  non i n t e g r a b l e  s i t u a t i o n  ! 
However n e a r  q-0 .90 t h e  s u r f a c e  i s  non p l a n a r  f o r  p = 1  t h i s  means t h a t  t h e r e  
a r e  n o n l i n e a r i t y  i n  t h e  motion.  For  p = 1.4 t h i s  n o n l i n e a r i t y  produces a  des t ruc -  
t i o n  o f  t h e  energy a c t i o n  s u r f a c e  and t h e  i m p o s s i b i l i t y  o f  u s ing  p r o p e r l y  t h e  EBK 
method. 
The comparison of t h e  s e m i c l a s s i c a l  and quantum e igenva lues  of IJ = 1  and 1.4 i s  
made i n  Table 1 .  Th i s  t a b l e  shows t h a t  t h e r e  i s  no e s s e n t i a l  d i f f e r e n c e  between 
t h e  two c a s e s  except  i n  t h e  c h a o t i c  r eg ion .  
I V  - CONCLUSION 
In  conc lus ion  it seems t h a t  below t h e  t h r e s h o l d  o f  s t o c h a s t i c i t y  i t  i s  p o s s i b l e  
t o  u s e  p rope r ly  t h e  s e m i c l a s s i c a l  EBK method of q u a n t i z a t i o n  and t h a t  t h i s  method 
i s  a b l e  t o  e x p l a i n  t h e  p r o p e r t i e s  of t h e  spectrum w i t h  t h e  same q u a l i t y  a s  f o r  t h e  
i n t e g r a b l e  c a s e .  However i n  o r d e r  t o  r e a l i z e  wholly t h i s  program we need t o  f a c e  
t h e  changes of t opo log ie s  l i k e  t h o s e  of F ig .  5 .  
( i n t e g r a b l e )  / (not  i n t e g r a b l e )  I 
-20.71 8  - 0.364 
- 8.901 - 0.832 
- 1.615 chaos 
Table  1  
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